Specific attachment of nuclear-mitotic apparatus protein to metaphase chromosomes and mitotic spindle poles: possible function in nuclear reassembly.
NuMA protein is the largest, abundant, primate-specific chromosomal protein. The protein was purified from HeLa cells and monospecific monoclonal antibodies were prepared that react exclusively with NuMA protein in immunoblot analysis. These antibodies were used to define the intracellular location and properties of NuMA protein. Using indirect immunofluorescence, NuMA protein was detected only in the nucleus of interphase cells and on the chromosomes in mitotic cells. One class of monoclonal antibody called the 2E4-type antibody, caused NuMA protein (or a complex of proteins including NuMA) to be released from its binding site on metaphase or anaphase chromosomes. The separation of NuMA protein from chromosomes was observed either with the immunofluorescence assay or in electrophoretic analyses of proteins released from isolated metaphase chromosomes after reaction with 2E4 antibody. The immunofluorescence studies also showed that after release of the NuMA protein from chromosomes of metaphase or anaphase cells, the protein bound specifically to the polar region of the mitotic spindle. It was shown that exogenously added NuMA antigen/antibody complex bound only to the mitotic spindle poles of permeabilized primate cells and not to the spindle poles of other mammalian cells, thus demonstrating the specificity of the spindle-pole interaction. The antibody mediated transfer of NuMA from chromosomes to poles was blocked when the chromosomes were treated with cross-linking fixatives. Results suggest that the NuMA protein has specific attachment sites on both metaphase chromosomes and mitotic spindle poles (the site where post-mitotic nuclear assembly occurs). A model is proposed suggesting that a protein having such dual binding sites could function during nuclear reassembly to link mitotic chromosomes into the reforming nucleus.